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Fig.1 Schematic diagram of the photopolymerization process and typical applications in the fields of surface coating,

3D printing. micro and nano manufacturing, dental restoration, etc
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Fig. 2 Mechanisms for the generation of polymerization shrinkage and shrinkage stress,

and their adverse effects in representative applications
(a) real-time evolution of the degree of conversion curves; (b) the molecular mechanism of the polymerization reaction;
(¢) volume shrinkage of the material after polymerization; (d) interface damage caused by excessive shrinkage stress;
(e) the coating and substrate interface damage due to polymerization shrinkage stress;

(f) disruption of the restoration and dental interface, or deformation and fracture of the residual dentition
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Fig.3 Schematic diagrams of representative measurement methods for polymerization shrinkage
(a) bond-disk method™*; (b) uniaxial shrinkage measurement method= ;
(o) digital image correlation method-**'; (d) fiber bragg grating (FBG) method-*"!
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Fig. 4 Schematic diagrams of representativeexperimental setup for polymerization shrinkage stress:
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cantilever beam and coupled infrared spectroscopy

thermocouple in one dynamic multiparameter coupled test platform for photopolymerization-”
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Fig.5 NIR spectrogram of a typical material before and after polymerization

P 5 D0 3F 15 B 1 AT RS ST S 4 0 T A AR EE DC A, ik T4 i A AR A GOER B B R A 8 RE %
SN [ P 2o o R R R A AR AL . FRATTE ] LabVIEW B2 X0t i 8 K 40 5] 26 23 Hr b B2, AT
A5 2 0L He Al 8 0 JBE B N ] ) A8 ARt £, 1D 6 Dy R TR IR L £ AN S B R S DU B Y
Sy 1 R M R 3 45 SRR 4



55 4 ) o B A o RO - SRS WA 5 A L O v T 441

(a) (b) 50

0,020

o =
= =
= o

HilFE 1) /MPa

il

= 0.005

0.00

50 100 150 200 250 300 0 50 100 150 200 250 300
B als Bl

0.020
S o015

o010

5 7 o

i

0.005

0 50 100 150 200 250 300 U'mﬂ w 20 30 40 50
B /s L il

Bl 6 TR ORGSR A MFES I T A - (OB S () AP SE R
Fig. 6 Cantilever beam, NIR spectroscopy and thermocouple coupled test platform:

(a) physical view of the equipment; (b) representative test results
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Review: recent progress in the testing methods for
polymerization shrinkage and shrinkage stress

YAO Jiagi, WANG Kun, WANG Zhengzhi
(Department of Mechanics, School of Civil Engineering, Wuhan University, Wuhan 430072, Hubei, China)

Abstract: Photopolymerization is a common technique to solidify and process material. It has been
widely used in industrial applications due to its advantages of rapid response, economy, and
environmental friendliness. In practice, polymerization shrinkage 1is influenced by external
constraints, resulting in considerable residual stress at the material/matrix interface, which seriously
affects the performance of the material. Therefore, accurate measurement of the polymerization
shrinkage and shrinkage stress is critical to improving the service quality and lifetime of
photopolymerized materials. This review describes the mechanism of polymerization shrinkage and
shrinkage stress and presents domestic and international methods for measuring polymerization
shrinkage and shrinkage stress in detail. A dynamic multiparameter coupled test platform integrated
with the cantilever beam/NIR spectroscopy/thermocouple for photopolymerization is introduced
emphatically, which can realize a simple and unified measurement of polymerization shrinkage,
shrinkage stress, and temperature. Finally, an outlook on improved testing methods for
polymerization shrinkage and shrinkage stress is provided and gives guidance for relevant theoretical
studies and experimental design.

Keywords: photopolymerization; polymerization shrinkage; shrinkage stress; testing methods



